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(57) Abstract 

There is provided a channel en- 
coder having convolutional encoders 
concatenated in parallel or in series. 
The channel encoder includes a first 
encoder for encoding input information 
bits, an interleaver having a memory 
and an index generator, for modify- 
ing the order of the information bits 
in a predetermined method, a second 
encoder for encoding the output of the 
interleaver, first and second terminat- 
ing devices for terminating frames of 
input and output information bits of 
the first and second encoders, a tail bit 
generator for storing tails bits used in 
frame termination, and a controller and 
a switch for controlling the above procedure. 
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for(j=0;j<;M;j++) 
for(i=0;i<;N;i++) 
new addr[i+j+N]=i+((i+j) mod M)*N (2 4) 

j tt^fyfy^^, new addr[]tt»ft>T 9-tTy^SJxfc««lf y hcD£r& 
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fltriEA^nm &mm-< > * y - v > y-r z 4 > 9 y -/< t , 

grew y-^(ow^*«F^{ktT»2^y T'-f *&±i-t>m2 ®fm%& 

[Ht*«5 8] iimEA*flM»**Sfc*ftK#lt:r5*y7THRffJffiK 

tm*^ e 0 ] me* y ts* t gnExaiwi©iWfflHi**»rtfc«** 

for(i=0;i<;SIZE;i++) 

new addr[i] = (p*i+STEP) mod SIZE (2 5) 

«*, STEPI4 '0' *-&tf**-MfclI* new addr[]tt*f-fl-C V* y -KV 

d=GCD(P,SIZE); 

for(k-j=0;j<;d;j++) 
f or (i=0 ; i < ; SIZE | d ; i ++, k++) 
new addr[k]=((P*i+STEP)+j)mod SIZE (2 6) 
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-fW&* STEPli '0' Sr&tf**— GCDIil^*!)|[> new addr 

mne-f y - * ^ ^**ifcflMi*«F*fl: urs 2 * y ? 4 sis 2 « 

Off***, 

[»jftJS 6 6 ] WIB'f >• ^ y v * y -'<TNfc 5 i £ £ 
IM*^ 6 7 ] nfrie-r y -^a*A;fjt#$Bw;*;t * t-^jc-f 5 * jxt'SE 

[If #K 6 8 ] OWEf 1 r *A4»*fb»»*A*flMRO** $ £ **lfc»J& 
■f 5 * y fC^6 r. £ fc-i-SW** 6 7 B*©*-r*/H** 

611**6 7E*©***A'«F-&flsail. 

[||*«7 1] fltf|E^a-Y>^y-^^^ s Tf2»m^2 7(cJ;o-Ctrt> 
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for (i=0;i<; SIZE ;i++) 
new addr[i]=(p*i+STEP) mod SIZE (2 7) 

SESU STEPi* '0' £^tf*^-hffiB, new addr [] fittMi >f V* J-tTV 
^Sftfctim^y K0*r«tf>r Ku*. S I ZE $«r*1\ 
[St#*7 2] «B«i** S *AA»*<o*# * t ra-t* S 1 1 

mt-t * 11**7 iia«o^-v*^^k«B- 

d=GCD(P,SIZE); 
for(k-j=0;j<;d;j++) 
for(i=0;i<;SIZE|d;i++, k++) 
new addr[k]=((P*i+STEP)+j)mod SIZE (2 8) 

STEPfi '0' Sr^tP^^-hffi«, GCDItf^m new addr 
[]f*#A^*y-*y^3ftfc«#try hcO^fSOT i, j, ktt-f 

[fg#jg 7 4 ] fiMBAAfiMRJ:'* y t 1 ^ dS*>*rSiJJc»5LSixa r. i 
i -rati** 6 51B«©^**/v#*{tR«o 

[»**7 5l A*fiHfL SSl^yr>r^»2/> o yr>r^±T^?L^n 

[ft** 7 6] « i y ^ ^ xu« 2'<v?4 as±-c£?LS ft* ©-cftft 
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[0 0 0 1 ] 
[0 0 0 2] 

mmtomii&txmmvmkXst $ &■*-«■«] 

^ (turbo encoder) tt, Nffif $Bfy Y<OV U-Ad»e>ftSA*Sr- 
o^ffi^/^fiSc^-^Sg (constituent encoder) Srffl 1>T/^ U 7 1 >f i/V^K/U (parity 
symbol) Sr*^-T S ^fATfcot, afcMXWKM«5t"C«fiK"C#ao *UT 
, fWE*-#W^^«/*»*H\ «»ft*ttfcfc*a*«F-^(Recursive Syste 
matic Convolutional code) £rfflV*5 0 
[0 0 0 3] 

HlHt, a*^*W«JS*#r*^-#WW©«*ft*1-H-e*o-C, Berr 
ou^iorjSMSJLfc^RHWWS^JBS, 4 4 6,7 4 7 LT$>£ 0 SttlB 

I2fc AASttStiHSfcTy H07U-AfiSNtB-**:*SSr#U «tflS« 
y h^^ffiH (correlation) frgt & +. H2W:, tt#OittW*a*#*5*-# 

[0 0 0 4] 

£ftfc^*W^8H:, ?Silft (space communication) £ft"C#fc^ 
-#tf**£jjiU SWBI»*«F^1 1. 1 3 it, »J([ft*S9(K=9)-C*«|£ 

[0 0 0 5] 
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H3©J;5 41ft**WU Hl©^-jK|f#»tra«lC, ItrlBBerroulCioTJI 
MStbfc^RHWfFS^S. 4 4 6, 7 4 7#tcH*U-r*)5. -t L"t\ fltrlBH 2 
cd J; 5 4tt^Jt©^-#WWoW*Sr«*1*5 f-rtm^mn, ® 4 co J: 5 
JfeWjSSvfrU Benedetto3ftSJ|*Lfc»a:t!:BB^Lr*S(IEEE Electronics Let 
ters. June 1996, Vol. 32 No. 13) « 
[0 0 0 6] 

ttSEH3 0afe?IJ«5t©^-*a-9«l4, S««-^T/U^yXA (iterative dec 
oding algorithm) -Srffl ^Tgfl Z fifty W-A^fi{:A*f-^ £&^m-i§-*t 6 
^^(C^oT, tfy h^y-^(Bit Error Rate : BER)OttlBSr*»^lRj±S 
"frSt^5«Bf* s **o *LT, fflE-f V*y->*3 2 3 ft, »l«t«3 1 9 
^ITjE;£flJfcj&»ofc/*— * HftO/^ — y (burst error pattern) it fc 

ft, «2«#»3 2 71?S5i2/<-^ URO^^-^tTjE^ton* J:5^L"C» 

[0 0 0 7] 

#bt^5o KriaKaa-B-SrflSfcfc^r/u^yxA^WL, sovA(s 0 ft-out P ut 

Viterbi Algorithm : Proceedings of IEEE Vehnicular Technology Conference 
,pp 941-944. May 1993. ) t MA P (Maximum A Posteriori Probability : IEEE Tr 
ansactions on Information Theory, pp 429-445, Vol. 42 No. 2 March 1996. )£* 
£>6o fffiESOVAT/V=f y XAtt*C2RIS(soft decision)ffiSrffl*ra^^ 
T/l^y XACO^-C&o-C, #^-fi(code word)0»9Sr*/Wt:L#ao 
, WEMAPT/v^yXAfi, i/yaK/HRDSrJft/WbbftSr^^yXA-CfcS 

o 

[0 0 0 8] 

Men 3 ©a wcw:, gwsiis^ y r ^ ^v^y k #ia i <Dm 1 **nf 

l^f>S«$tlfc»^^T r ^V^5 1 ^(depuncturer)3 1 3©W^fy lk 
= Vk> y 2 k=0^ftO, ^y , r^^^*/V'y k ^iai©»2«««F#«l 3frb 
fi»<S*i*»£fcW:, y lk =0, y 2k =y k l£*£ 0 ^LX, z w ttKS«f7 
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tif<DAj]kLXm^}lZ>o *l»«*ait^ll«z k+1 taW3E(hard decision) 
[0 0 0 9] 

o tto-C, H3J!l^1-J:5^ ^-*«F*(0*»l* (complexity) HU HSM 
^S§3 1 9&tfS£2K«ffi^3 2 yfc&Ktt^y©:?^**** 
*B11, 1 3 <om0m^(OVM1k (state number) £ <0St-Jfc#|-f 5<> 11512*- 

«F*0«fflfc*r«BP t , IWEH 3 Off* 1 &Tffi 2 *##©*ll*tt*<D# 
[0 0 10] 

[0 0 11] 

Sot, «BB*a**^^t*9^^^I)-A<t«ffli-«t, 
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»b b-f , atria* - aR#-§«0>*Bf & uriift ^ a ©ff*»att«K 

[0 0 12] 

tf^-^OOflM^ ^ V^H381 (minimum Hamming distance) %JkXVc£^£%>4 > 
[0 0 13] 

4 v $ y -tf^^L#5t@^-r v* y — ^rffl v ^ a afe^Jx^ii:^J«3g^ ^ — ^k^f 
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[00 14] 

^s^m^s^-ciim try h &*tfs^ y - tv^sawH y 

[0 0 15] 
[0 0 16] 

[0 0 17] 

. *fc, f-^^4*»tt. iimEIII*«F*«©*fc»J»+*J:5«l*.6li» 
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[00 18] 

^(parallel concatenated recursive turbo encoder) £>#|fiEl£Ol> Tifc93~t* 5 

. »«4 10 f 4 2 0H WfS-Cfcot, fltTBHlftWH2© 

Y k «r£j$1-*o *fft>fy^ 5 -^(diagonal interleaved 4 3 2 fc*« 

^ y^r ]) —/^(circular shifting interleaved 4 3 4 ft, #380! 1 Rtfig 
2»iC J: V* 9 -/<-e*>oT* KT^RWCtt^-Y 9 

[0 0 19] 

OfcA*£ii**ra«M^ y^9-^4 3 0!CA*SixS« stfis-r 9-^ 4 
3 ottHtEflmtfy h<0WF«r*i'C»2*««F»»4 2 OKA****. tWB 
>fy?9-/M 3 OIL A***^y hdk*Sff^bfc*BJ*Sft5i^-^V 

f t*yV«ft«^A*ShST-? ©7 U-A** Stt, CRCCCyclic Redund 
ancy Check) If y * h^flttlB-r-^fciliPSttSfciblCBr 

£f$Tfc£o t>U »»J^A*^-^7U-^<o*tSSrH«S*J:9 fc-f-SS 
-£iL 71/- i:>f V* 9— <D^/£lt<0^ — ^y h (dummy b 
it)*rS6J!iJiPJtft»t«ftb4v\ L*»U IE^;-^;H^^f^ffi 

»#tttft^<s>ffitot> t>«v^-cprti4R9^ftv^sa*u\ tot -r^ 

fltofcS 0>#f t ^» to 6 "f I- 5 * < ftff 5 4 *> ©"C* im ft ?> ft 
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[0 0 2 0] 

4 8 4oi***itv^ 0 s»e#a>f v*y-'<4 3 2jtt«Mwy*y-/< 
4 3 4it ^«ttft7u-A*#s*^r-raf»«if!/ h3asAA$^a», 

3 4 Sr-otfM- y* y ^<fcft£Lfc»&*RH trv^«#, ^-#ff#«t?W: 

*wk y * y - tr >^\mm^< y* y - try ^tv^ii*»-oSrttffi-t-s - i 
t-esa. ::m *WB*ws>fy* y-/<4 3 2 3ttww^^ y-'<4 3 4 

Sr^fy^ y-^4 3 0 fciUfc-fS. 

[0021] 

£fr%7l<—J*l:$ $<f-^(frame size signal) £ -< y* y — '^fHf-^ (inter 1 
eaver type signal) *Jfi*f 5 » SstfS'f ^ 3 - try^T-^A'S 1 3tt»ft-f 
y$ y — iry^SrfTSi^ tit«^ 3> h<D?1s— J*±% JKottlo^^y 
* y — fcry^Wtti^l-Sfr&iJ 5 ^ BP 
^*»47U-A*:*4ica«*tt8*«^y hfr*W8>fy*y-fcry^-*- 

-f;vb 1 31*. *MBy^**5 1 ld»6ffl*$ttS7y-A*:tS«-S-{J:»jSi- 

^ 3— try^-^/vs 1 3j&>&ffi*SftaMXtW««r£«U K£*;h,fc*t 
A>fy^ y-^y^*a;-c««fcry h&^y*y-fcry^ffi*t"*fcfc^Ktt!> 

T K y^ (read address) £r^£*t~£ 0 
[0 0 2 2] 

aR^y^y-fcry^r-^5 i 5tt, «8*>f y* y-try^*ff5«F, it 

y (hop parameter) (step parameter) IS P 2fct* S T E P 
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P&tfS T E PffiR££*tilcae UT^S^ V* y - f^r-TV^ 5 1 5 K 

K*rs. fria^s>r v^y-ify^-^us 1 3fttMBw?**5 1 ia>£> 

y*y-tfv^wj»»5 i 9ft flMBfli«>f y-try^-^s 15**6 
mtiZfrZ paws te pffiSrSWU KSSftfeflMSW y* y- trv^str? 
tit* if y h y-^v^ffl*-f5fc*oR»9r Kw^Sr»4-t"ao ^ 

1 1 a»e>w*S;h/5>r y -^»«flr*ics^v^T#fti-a>r 

^S;or Kw^Sr»«lUTKBt9T Ku^fc LtfflMao **y5 2 3tt, if 
8Ei**tf* h£*ftfc£«U flfrievyw^^u^-y-S 2 ia»feHt#S;h,a«Jft0 

[0 0 2 3] 

wish 7 <d«/s-c* #ft>fy*y-^4 3 2Sr*»^Aa"raii^ 1^** 
5 1 1, »a>f v^y-ir^^-T/A'S 1 3, ^y^y-f^JWs 

17iW i e!J5 2 3T?iric , e#, vyW^V'^f'XtffllrlB^^^y — 

Wfii^5W"5#'S\ y$?** 511, y — try^— ://us 1 5, 

ffla^^^y— tr>^ffl»»5 1 92fciM*y 5 2 3-c*jSt?** 

[0 0 2 4] 

y^y-try^r-://^ 1 3 2fct«i«-f y-try^ 
r-^5 15ll ROMMRAM(^J;5/^^y-CM^, MBii^Srtt 

^L-cAabTt>ftv\ swa«A>f^y--^^«i»»5 1 7Rvmm 
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[0 0 2 5] 

gisx^ia 9 tettftj v-v>y<Dmti®*m7FLx&*) , mi o&uqa 

[0 0 2 6] 
[0 0 2 7] 

^A^ftSt, 6 1 l^pg-CA*^^5ltS^y h***V 5 2 3{B7)l: 
M9:#)K%fmi-%tcbb(DT KW*old_addr[k]l£if$&£ffi«U 7^Ar-^ 
<D±% £ k^3£1-S 0 6 1 

£ ^ £ sfts-e* > A^;^ 7 u—J±<D3:% £ k fcS^TM^M+NSrfrWLTfcft 
V\ *LT, 6 15S|»-e, MEM^Ntt(DS±^^i[GCD(M,N)=l]-C& 
5d^*y^i-* 0 w<Oft, fittEMRWN<0*^J5jSc(GCD : Greatest Coram 
on Denominator) # 1 "C*> 6 17 aMreTEOSS; 2 9 ^J:oT$ 1 

^^H^y-ev^r Kf* 

for(k=0;k<;M*N-l;k++) 

new addr[k] = (M-l-(k mod N))*N+(k mod N) (2 9) 

[0 0 2 8] 

8tTE»a:2 9 <z> J; 5 ^ttj*^ 2x7 r©T Ki"*Sr»JSU *rtBA*'* s> 7 r 
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[0 0 2 9] 

L*>>U IWB6 1 5«»T\ |«B4fttKNO**^»3ftU^ftV^t[Ga)(l|.N 

)*il 6 1 9«»-e«isws-f ^y-^^»ff*+wu *ti-s. 

[0 0 3 0] 

ttRWl^^^^y-^^^ »IOWB([1BA*^S'77a>old_add 
r[k]fcfr»3*VC^SM=6, N=5<7»— ^^$:(0 123456789 10 
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29} kISL&thlS, 

— tiWJ'* y7r new_addr [k] tdtf jK £ ftfc v"-^ V 

*W:{25 21 17 13 9 0 26 22 18 14 5 1 27 23 19 10 6 2 28 24 15 11 7 3 29 
20 16 12 8 4}fc**o 
[0 0 3 1] 



MUMW (U=6,N=5) 


WJ-t* JilfcSHa* (M=8, N=5) 


0 1 


2 


3 


4 


25 


21 


17 


13 


9 


5 6 


7 


8 


9 


0 


26 


22 


18 


14 


10 11 


12 


13 


14 


5 


1 


27 


23 


19 


15 16 


17 


18 


19 


10 


6 


2 


28 


24 


20 21 


22 


23 


24 


15 


11 


7 


3 


29 


25 26 


27 


28 


29 


20 


16 


12 


8 


4 



[0 0 3 2] 

{cHo-CnTIB-C**. L^L**^jB*(M ( N) * 1 -C*3»£\ #Jx.tfM= 6 

— OOx— (overwrite) ^tltU 5o 
[*2] 



-27- 











-t*^*JlltJHryji(ll=6, N=6) 




1 


Z 


J 


1 


5 


30 




90 

Li\J 


1 c 




p. 


7 


ft 

o 


g 


10 


11 


30 


25 


20 


15 


10 5 


12 


13 


14 


15 


16 


17 


30 


25 


20 


15 


10 5 


18 


19 


20 


21 


22 


23 


30 


25 


20 


15 


10 5 


24 


25 


26 


27 


28 


29 


30 


25 


20 


15 


10 5 


30 


31 


32 


33 


34 


35 


30 


25 


20 


15 


10 5 



[0 0 3 3] 
[0 0 3 4] 

v^wcfcaffl"e*s#ft>f y^ y-iry^*a;T?*>ao fS2*w^y^y-if 

Ky^old^addrCHJcflHRSrffaiEL, 7 u-At^cD*^ $ k SrRj£-f*o - 

6 3 3&Hro, ttft^y? ]) — \?yy%ft?tc&<D^—?7u-j*<DftRz$m& 

for(j=0;j<;M;j++) 
for(i=0;i<;M;i++) 
new addr[i+j+N]=i+(M-l-(i+j) mod M)*N (3 0) 

[0 0 3 5] 
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[0 0 3 6] 

(M, N)=K «X.liM=6, N=5©A^lv'-^>'^l-^-t-2> 

1*3] 



AAHf^(H=6» N=5) 


WS-t* W iitt'/^f* (M=6, N=5) 


0 1 2 


3 


4 


25 


21 


17 


13 9 


5 6 7 


8 


9 


20 


16 


12 


8 4 


10 11 12 


13 


14 


15 


11 


7 


3 29 


15 16 17 


18 


19 


10 


6 


2 


28 24 


20 21 22 


23 


24 


5 


1 


27 


23 19 


25 26 27 


28 


29 


0 


26 


22 


18 14 



[0 0 3 7] 

[*4] 





AfrHWUM=6,N=6) 




M!R* W tW-fr* (M=6, N=6) 


0 


1 2 


3 


4 


5 


30 


25 


20 


15 


10 5 


6 


7 8 


9 


10 


11 


24 


19 


14 


9 


4 35 


12 


13 14 


15 


16 


17 


18 


13 


8 


3 


34 29 


18 


19 20 


21 


22 


23 


12 


7 


2 


33 


28 23 


24 


25 26 


27 


28 


29 


6 


I 


32 


27 


22 17 


30 


31 32 


33 


34 


35 


0 


31 


26 


21 


16 11 



[0 0 3 8] 

for(j=0;j<;M; j++) 
for(i=0;i<;N;i++) 
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new addr[i+j+N]=i+((i+j) mod M)*N (3 1) 

[0 0 3 9] 

tftftttftJ — 4 3 2 SrfflV^TA^ tr>X v ^ (mapping) 

*y 3 2(cj:orr Kw*a>b 1 try hfof-^^Wot^y^ y 

[0 0 4 0] 
[0 0 4 1] 

eii on, n«-f ^^y-^4 3 4tfflv^"CA*w«f * hzmimm^y? 

^ y — bfy^TBfftt. A*V— Jr^^Sr— o©R (circle) KjLfcU — SlffiPBtC 
[0 0 4 2] 

MCH 1 0 «r#HR1-ifttf* *1\ hdk*A*Stb*t, 7lia« 

t?^y77»r K^old_addr[k]{£^£IrScU 7WAt-^^J 
SSIZESrHSTS. 7 13SRTC, P«ftRtfSTEP***R3g 

-r^o ---c> tfHBP^m^^^(hop)^PB»-c&or, «awv#y-/< 

#&£ 0 *fc, tWasTEP**ttlWEP«»fcJ:oT*!/tf^*ftSfl«d> 

bfewxtt^w^-^sr^b*****^**. aires TEpasfc 
fjaBRic**. ro±5^p*ftRtfsTEpae*ft*»fc«, 7i5a»-ctt 
isp^s i zE<DML*&m&&i [Gaxp,si2E=D]fr?'*y**rz. z<om, P 
Xtt&s i zE«*<oft*43*jS3&si-c*a»^i!:fi, 7 i 7 aire, mi^m 

for(i=0;i<;SIZE;i++) 

new addr[i]=(p*i+STEP) mod SIZE (3 2) 
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[0 0 4 3] 

bs i ze(t K^«>*)*-e«fc»s«ft"e*5. *fc, fifties i zeb-t^ 

J-^*fSt*9, ptt**4fcft»(S I ZE, p)=l*:»JB-r6tta«>S 
STEPfilfctfcS, 
[0 04 4] 

Mfctf* *4B^A*^y7rold_addr[k]«ClJ l jKSil'rv^a, S I ZE = 3 0 
(0^^/— {rV^*{0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29} T?fc*lii, P = 1 1 , S T E P = 0 0)0$, * HI 
»>T V ^ 5 — If ^ ^« t- UJ*^ y7r new_addr [k] \Cftm S Jxfc V- ^ V* W: {0 

11 22 3 14 25 6 17 28 9 20 1 12 23 4 15 26 7 18 29 10 21 2 13 24 5 16 2 
7 8 l9)fcfc*„ m»«SSJxfc«*M*Nfi i yi|-T?*a'ftttf, TEO*5©J;5 

[*5] 





^jrj-t*^*«tJltSHf«(l*=6, N=5,p=ll) 


0 1 


2 


3 


4 


0 


11 


22 


3 


14 


5 6 


7 


8 


9 


25 


6 


17 


28 


9 


10 11 


12 


13 


14 


20 


1 


12 


23 


4 


15 16 


17 


18 


19 


15 


26 


7 


18 


29 


20 21 


22 


23 


24 


10 


21 


2 


13 


24 


25 26 


27 


28 


29 


5 


16 


27 


8 


19 



[0 04 5] 
[0 0 4 6] 

E = 3 0-0&8V-<JrV*aSA*;**U P=ll, STEP = OtfiS-rtttf, 

SfriEEj i o (ok o tam i ^ y - * v^^ffliEA;^-^**^ ^ 
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A*Hr« (M=6»N=5) 

0 12 3 4 

5 6 7 8 9 

10 11 12 13 14 

15 16 17 18 19 

20 21 22 23 24 

25 26 27 28 29 



WWW VtiM-m&*, N=5, P=6) 

0 6 12 18 "24 

0 6 12 18 24 

0 6 12 18 24 

0 6 12 18 24 

0 6 12 18 24 

0 6 12 18 24 



[0 0 4 7] 

^ry-trv^*W:A*^— ir^Srd*(S I Z E/d)©*T?Ofcjl.*U Mtt* 
[0 0 4 8] 

HUH:, »2««>fV^lJ-trv^|(i^Sr^i-«tlia-e*>o-C, P£ST 

e p«^tM«]a^ i xh%w&t i -c4v^ov^-f *b<o*&i-t)affl ^ 

«*TK U^old_addr[k]lJ:fflf«*»jKU 7^7^^t^S I ZE£ 

tss-fSo 7 2 3 aire, wsi^^y-^^srff 5fc»©^y^« 

ftPR^f y^ttST E P fcRS-r*. SMBPRtfS T E P»fcRSLfc 
[0 0 4 9] 

ft<D8c5S3 3fc*3V^C, i&tf kttO^bS I ZE*"e<0ft8r*i"K*"C*)S 
v ^*ff 5 fcft^ y ^aEftSr^-fo STEP fiS6E^ s> ^SEftfc J: o T&S $ 
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(start point) Sr*3£-rafc»<0SftT?*S D 
d=GCD(P,SIZE); 
for(k-j=0;j<;d;j++) 

new addr[k]=((P*i+STEP)+j)mod SIZE (3 3) 

[0 0 5 0] 

flME»*3 3 IC^T, (P*i+STEP)tt«Sl^y^ 5 — If V^»^Sr*L, jtt 

^oy^y^ y-ifv^ftffrfc^l-. S I u— A^c^ $ 

, pHtt^SM, STEPttfflfc-CJbS. 
[0 0 5 1] 

-•e, size = 30, p = i i©*2**>f^!i-^8*tM*N 
trflnw*-** TB©* 7 lefts. 
K7] 
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[0 0 5 2] 

d»U **^ft*(S IZE, P )^l©»^tt3>CO<t5l-**. 
[*8] 
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^W-t* ^ > Sftt5H^^(tt=€,N=5, p=l5) 
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[0 0 5 3] 

[0 0 5 4] 
[0 0 5 5] 

^!)w^tti^t^77-Cfcot, **RF#<0»**#3(K=3)t?*>9 
, AA7W^Sfil 0 4 tfy K £fflffl#lHKB:f*8l§k BPSK(Bi-Phas 
e Shift Key)3EH;fr5^ AWG N (Additive White Gaussian Noise) RiSElCfc it 
£ B ERtBlLt, J£< ffl^ btltV^/n y^>fy#» 9 

0 _5 B E R-C««>f y -^OE b /N o ifi 3 dBma*Cfc 9 . ^nyM^ 

yw^5 3. 4dB^4s 0 {fox, ttriai o* 6 BER-e«*>f^y-^7P 

[0 0 5 6] 

fltrGB l 3 SrlWfrrtLtf. JBl«««F*»4 1 ott, 3 (K = 
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£\ ureiB i 3 awi-f v * y - tv^axtt* i 2 wr^t v * y - ir 

ymt?ftat?t«. *2«J*fJ-l§*4 2 0f±, M^3(K=3)tfc» 
[0 0 5 7] 

»i^-/wtr^ h^^g4 5 or±, 8ire»i«ANF««4 1 ooA**icjg» 

*HSfBl^y^4 5 5 i:, SWBJB1«*«F#»4 1 0^*9*f4 1 2, 
4 1 3<0ffl*t#flb«J*a»l^5S^flt«J»«»«(exclusive OR gate) 4 5 1 t 
s fflESMfifttf«ln»4 5 10ffl^^cS^V^T7^-i^^*^t-^(termination s 
ignal)«:38*L-CS([E*l^^yf-4 5 SfcBttD-fS fcT</ HSfe»4 5 3 i"C« 
J&£;ft5o WEftlr-yUfy K4*»4 5 OH, 7U-Aj|*T*S\ jftfEBl* 
yf4 5 5^1itffftB4 1 0 ta«f SlxrlJESS 1 **W#«4 10© 

try h£/£S§4 6 0li, WIB»2«ril« : #«4 2 0(DA^*{-a^$tV^^2^ 
^yf4 6 5i:, l»E»2i««ff»4 2 0©^ j e!)*f4 2 2, 4 2 3<£>fctJ^ 

Sr#tt»»aft"r5#«&»»a»*4 6U, «rE$mftifrift$4 6 \<omti 
*cS^v^7u-Aj|»iBff*t384LrsWE»2^>r ?f4 6 5^B3*Pi-*try 
H84*4 6 3fc-c«disn*. «na*2 7 t -/V'fcr2x h^8»4 6owt, 

AJ*T»^ «61E*2*-f s^4 6 5^2iMf$4 2 0 i»*S£*l,-C«rtB* 

2**RF-g«4 2 o(D**])^*®mk£i£z>tmm^ 7u-a»««*«t 

[0 0 5 8] 

»lSJLS4 7 0fi, UMBflM** h*r#?L-J-5. «2»JLl4 8 0tt, ME 

fimL-ri. mmmi&iu$4 1 oxi«fS2»?L#4 8 ott^-^ess** 

BME"TS?a*]**fc1-o w^y^^f-4 9 lit, tryh*£»4 5 3, 4 6 3 
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[0 0 5 9] 

tto-C, «WE*l^-^try h^«»4 5 Oft, SME*1«*RF*»4 10^: 
»«$-frafc«)07 l -/Hf y b*4*U «FE*2 7 l -/Hf y b±^4 6 0li 

, £l»?UB4 7 0&tfS5 2£?L«4 8 0ft, ea*fc«9I4l^<^P»UT 

[0 0 6 0] 

gjEH 1 3^#M-rti«. ^-#«F-g-tt**«F*8S4 1 0, 4 2 0^i8^ 

^(systematic code)&0>T?, ^ftJRftfcfc^a^W^J: 5 ^ '0* «r«t^ 
TA^LT^ ««§4 10, 42O0^N 1 2, 4 1 3, 4 2 2, 4 
2 3l*fofflft£frftv\, Lj&>U A*a>&*fc3fiv^*y0>ffi& '0' icKS-r 
£fc#>tc, 1 4 2 0ft, SMB^Ufc^-K^y^SftSlI 

(DftSr^-ZHf y h»i»*fflV^-CA*-rntfV^\ fi£oT, ^-sR*f««-Cft 
*«rtW*©^ j ey»lc»jS"rS7 l -/i/ify h*SiK*"C*)So Ell 3-CtfrflB*l 
«J*RF*B4 1 0<DA*Wc3gJSSnS^-f 5^4 5 5S^2iMfS4 2 
0<OAA*Blc3t*SSlxa^^y^4 6 5ft, T-yWfcfy h^^-C^^^^V 
^Sft*. *<Otft, S9ISmi«^^4 105:U J ^2«^^4 2 0iCtti^ 
SnS^-zH^y HaS^Sf^ty hftttlB»2»?L»4 8 0C^^tl, 

[0 0 6 1] 

/N-K*air^a*ftSrffi«t"Sfc«)l^ eSI*Sr2<oa*(power of 2)IC-T 
S©#2*U^o Ld»U Witf* 3 8 4kbpsOf r -^fe^^i"^#^^ft 

, ifHMR^i/2'c*>5^-*«F#*fi[«"rsi:, eas*«>2<oa*K:rs-i 

#"0*4i\ tot, r©J;5«^^ttffW*l/2-e*5^--#«F*Sr# 
JLL"C£j*Lfc, W-i-*3/8<0^-#«F*Sr«ffl'rixtfV^\ ^l-, 14 4kb 
psfiS^-Cttff*** 1 / 2 #*»?LLTflF***r 9/16l:« 

7L% 0 TlB^a 9X15*1 0ft9/6^?L^ h ]) y^oMSr^Lfcfc 
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[*1 o] 
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R S C 2 
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[0 0 6 2] 

1*JL»4 7 OfcBUHlSiV RSC liiftl*J*«F*B4 1 0 J&»e>U*£ilS'* 
U TV Ify F-Cfoot, ft 2 £?L»4 8 0 KfitiM$tiZ>. C »1B*9f4«l 
^«F-g-«4 1 0Rtf4 2 0^6>fflA"fa^5r-f try hfc*ftLfc«£:*1-t><0 

tfco-c, r<o^, ^ur^f try h\c&^i-z>nft-cmm.mc *o 9 -e^stt 

5 <h , SHE* 9 £>TiS8Sr3l v «t 5 fc>* Pr^yh fcttS 1" 6 ^5>-e» 

«fS4 10, 4 2 Q<D**V dS2fflU^*V^fc«>{C ^ y X If y h SraifiE 

sas«*t?nfltria* i ooiSfcfiMst^ h*§*jL-ra. atriaai okmmb*9 

t ft 9/6 ^?L^ b y y * * -e*> a # , iSTKitift tt-oa±<D^ Dr^tf 

[0 0 6 3] 
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[0 0 6 4] 
[Bffi©«¥ttRWl 

[B 1 J ^*^^JfflWS«3t«^^«^*^Ho 

[H 3 ] tt*©ttw«^a*ass«*»^»*H. 

Mo 

[i6] 2 J: 5«^^5fi»ff 

Bo 

[is] b 7 (7) i o 5 -^<z>fl*36-e* i *r*K 

y -tf y^Sjf^ogm^r^-rSfttiBo 

[B 9 ] 2 Utt^tBic J; 6 *-2m-8*?*aK ^ 9 

[BIO] B9coi 5 4»dlSr*-rs-< 9 -^©»3t-C* 1 ^ 
9 9 - v^»^x§S^*r^Bo 

[Bin B7cD^5**^^^s^> / ^y-^^3g^2tis-r>' 

* 5 - if y^ftfRflgfc^-rSffriBo 
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ut* - tfHHHSt 2 grade zzmms y - e-v 

[013] r-^tTy h^&W^5L«i^«:lftW-i-5fcft©*36W©*lifi 

4 10 US l ??^SS 

4 20 S2fift« 

4 32 *MH 

4 3 4 WGA v9 9 —s< 

5 11 

5 1 3 y -fv^-^/v 

515 «s>r 5 — ^Vf—'f^ 

517 awiw 'J -fcrv^«»£ 

519 «s>r y -v^rmm® 

5 2 1 •vA'f-^V^if 

5 2 3 p*^!) 
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